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This report is based on a study which is part 
of a larger project covering research on apple 
sorting, sizing, and packing operations, con- 
ducted under contract with the Fruit Indus- 
tries Research Foundation, research agent of 
Washington State Apple Commission. The 
report covers the findings on apple sorting. 
Other reports will cover sizing, packing, and 
other packing room operations; also, a sum- 
mary covering all packing room operations is 
planned. This study is part of a broad pro- 
gram of continuing research designed to in- 
crease the efficiency of the physical handling of 
farm commodities during marketing. 

Some of the results of this research are now 
available in summary form through the U. S. 
Department of Agriculture film entitled ‘‘Apple 
Packing Methods.”? This film may be pur- 
chased through the Motion Picture Service, 
Office of Information, U. S. Department of 
Agriculture, Washington 25, D. C. A print of 
this film may be borrowed from (1) Agricultural 
Extension Service, Colorado A. & M. College, 
Fort Collins, Colo.; (2) Visual Aids Service, Uni- 
versity of Illinois, 713-1/2 South Wright Street, 
Champaign, IIl.; (3) Agricultural Extension 
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Service, College of Agriculture, Cornell Uni- 
versity, Ithaca, N. Y. 

The research contract under which this study 
was made was administered by William H. 
Elliott, head, handling and facilities research 
section, Transportation and Facilities Branch, 
Marketing Research Division, 
Marketing Service. 

Frederick C. Winter, associate professor of 
industrial engineering, Columbia University, 
consultant to the Transportation and Facilities 
Branch, and Joseph F. Herrick, Jr., agricul- 
tural economist, Transportation and Facilities 
Branch, gave guidance and helpful suggestions 
on methods used in conducting the research 
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and preparing the manuscript. 

William C. Dower, of the Fruit Industries 
Research Foundation, gave valuable service in 
preparing the report. The officers and mana- 
gers of the Yakima County Horticultural 
Union, and especially Barney Benedictson, 
manager of the Naches plant, also gave assist- 
ance and cooperation. 

The Washington State apple storage and 
packing plants made their facilities available 
and gave valuable assistance. 
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METHODS AND EQUIPMENT 


SUMMARY 


In preparing fresh apples for market, sorting by 
grade is a necessary and costly operation. If pack- 
inghouse operators could increase the output of 
sorters a sizable saving could be realized, which in 
turn could be passed on to consumers or growers, or 
both. Consequently, the main objectives of this 
study were (1) to develop and test new sorting 
methods and devices for existing sorting equipment, 
and (2) to develop and test a new sorting table which 
would substantially reduce costs of sorting. 

Initially three types of sorting tables were studied: 
(1) The belt table, (2) the spiral-roll table, and (3) 
the reverse-roll table. On the belt table all fruit is 
lifted by the sorters and placed on runoff belts; at 
the end of the table the unsorted fruit is shunted 
onto a smaller belt and returned to the head of the 
table. On the spiral-roll and reverse-1oll tables, one 
grade of fruit is allowed to run off the end of the 
table onto a conveyor belt leading to the sizer. 

In these studies, the type of sorting table, the 
quality and size of fruit, the physical capacity of 
sorters, the rate at which apples are presented for 
inspection, and the number of grades sorted were 
considered in determining the relative efficiency of 
the three sorting tables. The reverse-roll sorting 
table was found to be the most efficient, and was 
modified to increase sorting efficiency. 

Major modifications included installation of (1) 
sorting lanes, (2) variable forward speed of the rolls, 
and (3) a cull disposal chute beside each sorter. 
When the reverse-roll table was so modified, workers 
were able to sort 10 to 46 percent more fruit per 
hour than on the standard reverse-roll table. These 
improvements can be adapted to the other tables, 
but the resulting increase in efficiency will not be as 
great. 

As a result of these studies a new “‘float-roll”’ table 
was designed, constructed, and tested. This table, 
about 12 inches wider than any commercial table 


now in use, was built so that both rotation speed 
and forward speed of the rolls could be controlled. 
The rolls carried or “floated” the apples in full view 
of the sorters. Tests showed that about 17 percent 
more apples per hour could be sorted on the new 
table than on the improved reverse-roll table. 

The cost of labor for sorting 1,000 boxes of apples 
of 3 sizes containing 30 to 50 percent of low-grade 
fruit was lowest for the new float-roll table, and 
highest for the belt table. For 1,000 boxes of size 
125 apples (2%4 inches in diameter) containing 50 per- 
cent of low-grade fruit, the total cost was $36 for the 
float-roll table, $62 for the belt table, $46 for the 
spiral-roll and standard reverse-roll tables, and $42 
for the improved reverse-roll table. 
costs of owning and operating the 5 tables were 
small. Consequently, differences in efficiency of the 
sorters were largely responsible for the wide dif- 
ferences in total sorting costs for the 5 tables. 

A packinghouse operator using an old-type sorting 


Differences in 


table could recover the initial cost of a float-roll sort- 
ing table in a short time. 
that his present sorting table is fully depreciated 
(has no book value), an operator sorting 50,000 
boxes of unpacked apples a season on a belt-type 
table could recover the initial cost of a float-roll 


He 


could recover the cost of replacing a spiral-roll or 


For instance, assuming 


table, about $1,578, in approximately 14 years. 
reverse-roll table in about 3% years. The time re- 
quired to recover the initial cost of the float-roll table 
would be shorter for operators who sort larger 
volumes. 

Before replacing a fully depreciated sorting table 
with a new float-roll table, an operator should con- 
sider other cost elements that may be involved. To 
use the extra capacity of the float-roll table, some 
operators may have to invest additional capital in 
more efficient sizing and packing equipment. The 
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decision to buy additional equipment should be 
based on whether volume of business is expected to 
increase, decrease, or remain the same in the future. 
Small-volume packers should consider adopting more 


efficient sorting methods and making alterations, 
such as those described in this report, in existing — 
equipment before investing additional capital in new 
equipment. 


BACKGROUND OF STUDY 


One of the most costly phases of work connected 
with packing and warehousing apples is that of sort- 
ing or grading the fruit. At this point the color, 
appearance, and quality of the pack are evaluated. 
Each season in Washington State, where this research 
was conducted, enough apples to fill approximately 
40 million boxes pass over the sorting tables of more 
than 250 packing plants. At each of these tables 6 
to 12 people are employed, depending on the type 
of table and size of packing operation. Operators 
of packing plants could realize substantial savings 
if they could reduce the number of workers required 
to perform this operation, or increase the output 
per worker. 

During the past few years the Pacific Northwest 
apple industry has experienced changes in plant 
layout, handling equipment, and methods, as well as 
a change in the type of pack. 

In the future, emphasis will be placed on more 
precise grading of apples, not only in the Pacific 
Northwest but in other major apple producing areas. 

Sorting, sizing, and packing apples are continuous 
operations. They are performed in succession; they 
must be continuous if delays are to be avoided. The 


entire operation cannot proceed faster than the 
slowest segment. 

The sorting operation essentially consists of 4 ele- 
ments: (1) Inspecting an apple to ascertain its grade, 
(2) picking up the apple, (3) transferring it to a 
conveyor belt, and (4) releasing it on the conveyor 
belt. The different ways the work is performed are 
variations or combinations of these 4 elements. 

Two different types of sorting tables determine 
the way these elements are combined. On what is 
commonly known as the no-runoff table, all fruit is 
lifted from the table and placed on belts which carry 
On the runoff 
table, only part of the fruit is lifted and placed on 


the apples to the sizing equipment. 


conveyor belts; apples of one grade remain on the 
table and are conveyed directly to the sizing line. 
The objectives of this study were (1) to determine 
the comparative efficiency of various methods and 
types of equipment currently used for performing 
the sorting operation, (2) to develop and test im- 
proved method for using present equipment, and 
(3) to introduce and test, under actual operating 
conditions, new types of sorting equipment. 


TYPES OF SORTING TABLES 


When this research was undertaken, three types 
of apple sorting tables were in use in the Pacific 
Northwest. 
roll, and reverse-roll tables. 


These were the conveyor-belt, spiral- 
Because of the many 
variable operating conditions in packing plants, 
opinions differed among packinghouse operators as 
to the relative merits of these sorting tables. 


Conveyor-Belt Table 


The conveyor-belt table, shown in figure 1, is 
composed of two belts on either side of the table. 
A broad main belt conveys the fruit past sorters 
who pick up the apples and place them on smaller 
belts running above the sorting table, which convey 
them to the sizing machine. On this type of table, 
all fruit not removed before it reaches the end of the 
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FicureE 1.—A belt-type sorting table. 
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Ficure 2.—A spiral-roll sorting table. 


table is diverted by a diagonal board, or some shunt- 
ing device, onto a smaller belt running in the opposite 
direction. This “overflow” of fruit is returned to 
the head of the sorting table, shunted onto the main 
belt, and again passed before the sorters. 


Spiral-Roll Table 


The spiral-roll table is more efficient than the belt 
table (fig. 2). More of the surface ofthe fruit can 
be visually inspected on this table than on the belt 
table because the fruit is turned over as it is moved 
forward. This table usually consists of 5 to 7 
wooden rollers, approximately 215 inches in diameter 
and extending horizontally the full length of the 
table, on either side of the center conveyor belts. 
A quarter-inch hard-woven rope is spirally wrapped 
around the rollers with approximately 3 inches be- 


FACTORS AFFECTING 


Before World War II, apples grown in the Pacific 
Northwest were sorted into Extra Fancy, Fancy, C 
grade, and culls. 
these grades to be combined in various ways, the 
general practice during the war years was to combine 
Extra Fancy and Fancy into | grade called the Com- 
bination grade. 


Since the grading laws permitted 


In recent years, however, the apple 
market has resumed the use of 3 grades. 

The official apple grading standards of the State 
of Washington specify the types of blemishes, defects, 
and degrees of color required in each of the three 
grades of Extra Fancy, Fancy, and C. However, 
literal reading of the grades oversimplifies the sorting 
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Ficure 3.—A reverse-roll sorting table. 


tween turns. The fruit is rotated by the revolving 
action of the rollers and is conveyed forward by the 
ropes, which act as a worm screw. On this table 
any fruit not lifted from the table by the sorters 
flows off the ends of the rollers onto conveyor belts 
leading to the sizing machine. 


Reverse-Roll Table 


Figure 3 shows a reverse-roll type of table, which 
usually consists of a metal frame with a plywood 
bottom. The fruit is rolled over the plywood by a 
series of rubber rollers spaced about 4 inches apart 
and extending the full width of the table. These 
rollers move over the table like a conveyor chain; a 
gear arrangement causes them to rotate backward 
while the fruit is rolled forward. This turns the 
fruit over, permitting free visual inspection of most 
of the surface of the fruit while it is on the table. 
Apples not lifted from the table move directly from 
the end of the table to the sizing machine. 


SORTING EFFICIENCY 


Actually, most of the grading elements 
A blemish, for 


instance, may not lower the grade of the fruit unless 


operation. 
must be determined in degrees. 
it is of a serious degree. This makes the sorting 
operation difficult; such factors as color, blemishes, 
and shape must be judged subjectively, since no 
Many 
borderline cases arise where an apple might be graded 
as either C grade or Fancy, depending upon the 


clear demarcation between grades exists. 


judgment of the sorter. Some types of defects are 
difficult to detect without close examination of the 


fruit. 


The grading of apples is essentially surface in- 
specting to evaluate the degree of defects rather than 
presence of defects. The sorter’s main task is to 
determine subjectively the quality of the fruit on the 
basis of varying degrees of color and blemishes. 

In measuring the efficiency of various sorting 
methods and equipment, it was necessary to isolate 
certain factors. These factors were broken down into 
5 categories: (1) Type of sorting table, (2) quality 
of fruit, (3) size of fruit, (4) physical capacity of 
workers, and (5) management factors. Many 
variables doubtlessly exist that have not yet been 
brought to light, or are considered unimportant. 

Prior to this study it was believed that number of 
grades sorted (2 grades versus 3 grades) greatly 
affected sorting efficiency. Results of the study 
showed that efficiency factors are similar whether 
workers sort 2 grades or 3, except that when sorting 
3 grades, workers must lift more fruit and make more 
decisions. This is a sixth variable factor. 

Another variable is the ease with which the apples 
may be inspected visually. This depends largely 
upon the adequacy of lighting, the color background 
of the table, and the visual acuteness of the sorters. 
In this study these factors were assumed to be con- 
stant. 


Type of Sorting Table 


The type of sorting table may affect the efficiency 
of sorting in two ways: First, by redistributing the 
workload to permit workers to utilize their time more 
fully; second, by altering motions or motion patterns 
to permit workers to work more efficiently. Redis- 
tribution of the workload is discussed later. 

Contributions of a sorting table to the ease of 
inspection are dependent upon (1) regularity of space 
and arrangement of the apples as they are presented 
for inspection, and (2) the way apples are rotated 
on the table to facilitate visual observation by 
Improving one or both of these factors 
enables sorters to inspect more apples with the 


sorters. 


same amount of effort. 

The regularity with which apples are presented 
for inspection differs on the three types of tables. 
On a belt table the apples are conveyed, randomly 
grouped, to sorters; part of the inspection is done 
by holding the apple in the hand. The belt table, 
with no runoff, serves only as a means of getting 
fruit past the sorters. On the spiral-roll table apples 
are alined in rows with no regular spacing of the fruit, 
and with parts of the surfaces of some apples ob- 
scured by other apples. On the reverse-roll table 
apples are alined by a series of rollers extending the 
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width of the table. The rollers provide regular . 


spacing between consecutive apples. However, the 
fruit is not presented in rows the full length of the 
table as on a spiral-roll table. Changing these 
tables to provide more regular spacing in both direc- 
tions results in a more efficient sorting operation. 

The second factor considered was the presentation 
of apples to permit free visual inspection of the 
apple surface. On the belt table the sorter must 
turn over or rotate the apples by hand. The spiral- 
roll table rotates the apples as they move along the 
table. This rotation is irregular, however, particu- 
larly when the table is used to full capacity and 
crowded with apples. The reverse-roll table tends 
to rotate the apples more freely and uniformly, 
making visual inspection easier. 


Quality and Size of Fruit 


The quality of the fruit affects the speed with 
which apples can be sorted. Most packinghouse 
operators have found that, when fruit is of poor 
quality, sorting is difficult unless additional sorters 
are hired. The only alternatives are to reduce the 
rate of dumping, or lower the quality of sorted fruit. 

The amount of inspection required depends upon 
the percentage of below-grade or defective apples 
that must be separated from the high-grade apples. 
The relationship of the amount of inspection needed 
to the quality of the fruit, assuming that 95 percent 
is correctly graded, is as follows: 


Inspec- 

tion 

Te- 
quired | 

‘ (Per- 

Percentage of low-grade fruit: cent) 
1 C0 es eerie wen eyo. oman Hele, SHUN aor i ate 52. 6 
TDD Aap ay tay chccurs tape Ute RAM eae OR ee are Ose, 
DD mraesce tne Cl stln scales Sei EEA a ee I 84. 2 
BERR Pen rem ra A Seen Smee Nite a dea 90. 2 
AAS ORR tS eras Neer TRI ON A 93. 6 
Sr ee a LR ee oe Mp de ra 95. 7 


1 Percentage of fruit that must be inspected to obtain 95 
percent of correctly graded fruit; this is based on the following 
formula: 


{number of apples in lot— (number of good apples in 
lot =0.95)] * 100 


number of low-grade apples in lot 


I. R.= 


The nature of defects or blemishes in the fruit is 
another factor influencing sorting efficiency. If the 
surface of an apple is blemished, the severity of the 
aggregate area of the blemish must be ascertained. 
This is particularly true of such blemishes as hail 
marks, sunburn, and russeting. When these defects 
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occur infrequently in a lot of apples, sorters have 
little difficulty in detecting and evaluating them; 
they are obvious by contrast with the major portion 
which is not defective. Sorters are then able to use 
a scanning method of inspection—inspecting several 
apples simultaneously. However, when more than 
35 percent of a lot is defective, a sorter must evalu- 
ate each apple individually. 

Where the sorting table rotates the apples (spiral- 
roll and reverse-roll tables) the time required to 
inspect the surface of an apple is largely dependent 
on the rate of rotation. When the apples are moved 
along the table at a constant speed, as they are on 
both the spiral-roll and reverse-roll tables, rotations 
per minute vary directly with the size of the fruit. 
Thus, more time is required to inspect the surface 
of an apple 3% inches in diameter than one only 2% 
inches in diameter. For example, when fruit moves 
over the table at a speed of 25 feet per minute, a 
size 80 apple, with a diameter of 3 inches, rotates 
once every 2.20 seconds; a size 150 apple, with a 
diameter of 24 inches, rotates once every 1.73 seconds. 

Since small apples take less time to rotate than 
large ones, it would appear that small apples would 
be easier to sort. This, however, is not the case, 
presumably because of such compensating factors as 
these: (1) Small apples with hard-to-see defects are 
likely to be difficult to inspect because they rotate 
too fast; (2) large apples with obvious defects can 
often be evaluated without rotating at all. Deter- 
mining the effect these factors have on sorting effi- 
ciency was beyond the scope of this study. 

Statements made by packinghouse supervisors 
bore out the results of sorting tests, which indicated 
there was no noticeable difference in speed of sorting 
small and large apples. 


Physical Capacity of Sorters 


If inspection could be done without lifting apples 
from the table, the number of apples that could be 
sorted would depend in large part upon the amount 
of visual inspection needed. The number of apples 
lifted for inspection limits the total number that can 
be graded. This is particularly noticeable on the 
no-runoff belt table, where every apple must be 
lifted. On tables where one or more grades are run 
off the end of the table, the number of apples lifted 
is dependent upon the quality of the fruit. On this 
type of table the number of apples lifted does not 
limit the total number of apples inspected, except 
when quality of the fruit is very poor. When a 
sorter looks only at fruit directly in front of her on 
the table, as most sorters do on all 3 types of tables, 
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there is a portion of the fruit that generally she can- 
not see, unless she picks it up and turns it over in 


her hand. 
Dumping Rate 


In some plants sorting efficiency is influenced by 
managerial judgment and discretion. One im- 
portant operation controlled by management is the 
rate at which fruit is presented for inspection 
(dumping rate). 

The concept of the amount of work a sorter should 
do varies widely from plant to plant. In some plants 
the dumping rate is so fast that sorters have diffi- 
culty maintaining less than 10 percent under-grade 
fruit in the outgoing lot.'_ In other plants a given 
number of boxes is selected somewhat arbitrarily as 
an average and the dumping rate maintained as 
close to that average as possible. 

In the apple packing industry, some plants try 
to maintain a high rate of production at all times. 
Among the reasons for doing so are the following: 

(1) Packed fruit costs less to store than unpacked 
fruit. A packed box holds about one-third more 
apples than a box of loose fruit, and storage costs are 
based partly on the amount of cold-storage space 
utilized. 

(2) Increased production during the harvest 
period enables management to take advantage of a 
favorable early market. Rapid sorting when there 
is a good demand for apples during the early stages 
of harvest permits a plant to ship additional fruit 
to market, thus augmenting the income of the 
growers. 

(3) Most sorters are employed by the hour. 
Output per worker affects the cost of the packed 
boxes. Since the daily wage per sorter is constant, 
the cost per packed box is proportionally less as 
more boxes are packed. In many cases, output can 
be increased by varying the dumping rate as the 
quality varies, so that sorters will spend less time 
waiting for work. 

(4) Higher production rates make possible a 
higher annual volume. Production rates are closely 
related to sorting, which is affected by many factors 
including the number of workers per sorting table. 
Plants using belt tables generally need more sorters 
than plants with spiral-roll or reverse-roll tables; 
the production rate, however, is usually lower with 
belt tables. Some plants use more than the usual 
table. This sometimes 


number of sorters per 


1 Standards for apples in the State of Washington permit 
10 percent of fruit in any container, at time of packing, to be 
below the grade shown on the container. 
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results in fewer apples sorted per hour, per sorter, 
but it does increase the daily pack-out. 


Number of Grades Sorted 


The number of grades sorted is another factor 
affecting sorting costs and efficiency. The practice 
in the industry, at the time of the study, was to sort 
the fruit into 2 grades—Combination (Extra Fancy 
and Fancy) and C grade. The practice at the pres- 
ent time is to sort 3 grades—Extra Fancy, Fancy, 
and C. Actually, another grade, culls, should be 
added to both groups, for the fruit in reality is 
separated into 3 and 4 grades. 

The practice of packing 2 grades simplifies the 
handling and marketing of the fruit. Packinghouse 


operators recognize that the 2-grade pack is less 


expensive and more advantageous, if market accept- 
ance is satisfactory. 

Reasons for increased cost of sorting 3 grades 
rather than 2 are: (1) Greater discrimination is 
required of the sorters; (2) more apples must be 
handled by sorters; and (3) capacity of sizing equip- 
ment is limited. 

Sorters must make many more decisions and care- 
fully inspect more fruit when sorting 3 grades of 
apples than when sorting only 2. When changing 
from sorting 2 grades to sorting 3, the effect on the 
total number of apples inspected is similar to that of 
a drop in quality. 

It is necessary at times to reduce the speed of the 
sorting line because the number of apples in | grade 
is greater than the capacity of | part of the sizing 
line. 


COMPARATIVE EFFICIENCY OF THREE TYPES OF SORTING TABLES 


Data obtained for the sorting operation reflected 
the combined influence of the factors discussed in the 
previous sections—type of sorting table, quality of 
fruit, size of fruit, physical capacity of workers, and 
management factors. 
of the different types of equipment, effects of other 


To emphasize the efficiencies 


factors were ignored or held constant. 

Quality of the fruit varies widely, but it is easy to 
The data were classified as follows: All 
lots containing less than 30 percent of Fancy, C 
grade, and culls were classified as good quality; lots 


measure. 


containing 30 percent or more were classified as 
poor quality. 


When Sorting Goed Fruit 


When sorting fruit of good quality, the relative 
efficiency of various types of equipment was appar- 
ent. With good fruit the time required for visual 
inspection was the major factor that limited output. 

The belt table was found to be the least efficient 
of the three tables (table 1), because all apples must 
be lifted from this type of table. No appreciable 
difference in efficiency was found between the spiral- 
roll and reverse-roll tables, but the data did not 
Fruit sorted 
on the reverse-roll table contained a larger percentage 
of defective fruit; this indicates that the reverse-roll 
table is slightly more efficient than the spiral-roll 
table when sorting good fruit. 


entirely eliminate quality as a factor. 


When Sorting Poor Fruit 
Efficiency of the belt table approached that of the 


spiral-roll and reverse-roll tables when fruit of poor 
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TABLE 1.—Number of apples of good quality inspected 
per sorter on 3 types of sorting tables in 6 apple 
packing plants ' 


Quality of fruit | Number} Apples 
Equipment and of inspected 
piant number sorters | per sorter 
C grade} Culls per hour 
Belt table: Percent | Percent 
Rlanteleeeeerrs 20 6 10 3, 000 
Spiral table: 
Plant2meneeee 14 7 ll 3,514 
Blantisnepess se 10 4 10 4, 092 
Plantes. ll 3 8 3, 644 
Reverse-roll table: 
Plant 5.. 20 9 8 3, 621 
BlantiGm eee 18 5 8 3, 434 
Planti6. nese 19 6 6 4, 053 


1 Lots containing less than 30 percent of C grade and cull 
apples. 


quality was sorted. On the belt table, all apples in 
each grade must be lifted from the table as they are 
inspected; thus, only one sorter inspects each apple. 
In contrast, on a spiral-roll or reverse-roll table, 
where only part of the apples are lifted from the 
table, each apple left on the table generally is in- 
spected by more than one sorter. Because each 
apple must be inspected individually when sorting 
poor fruit, the duplication of inspection on the 
spiral-roll and reverse-roll tables considerably reduces 
the total number of apples that can be inspected. 
This duplication, as the quality of the fruit decreases, 


reaches the point of reducing the advantage of a 
runoff table. The duplication that occurs when 
good fruit is sorted is not as great, because several 
apples are inspected simultaneously. 

The reverse-roll table was the most efficient for 
sorting fruit of poor quality (table 2). Although 


TABLE 2.—Number of apples of poor quality inspected 
per sorter on 3 types of sorting tables in 3 apple 
packing plants ' 


Quality of fruit | Num- Apples 
paueucn) and ber of | inspected 
plant number sorters | per sorter 
C grade| Culls per hour 
Belt table: Percent | Percent 
Plant @aececsc 36 8 10 2, 240 
Plantes ae 39 7 10 2, 450 
Spiral table: 
BlanteSisean sc 48 ll 8 2, 487 
Reverse-roll table: 
ePlant os... 27 19 8 3, 080 
Plant.Oyee 4 48 4 8 2, 930 
Plant 6.3640): 30 27 8 2, 769 


1 Lots containing more than 30 percent of C grade and cull 
apples. 


Per sorter per hour 


RATE OF 


duplication of sorting is characteristic of this type of 
table, this disadvantage is offset by the greater ease 
of inspection. 


Sorting Rates for Fruit of Different 
Qualities 


Figure 4 shows the estimated number of apples in- 
spected per sorter, per hour, at different levels of 
quality (percentages of C grade and culls), on the 


3 tables. The low efficiency of the belt table is prob- 


ably due to the fact that the physical labor involved 
in lifting all apples from the table limits the total 
number that can be sorted. That is, only so many 
apples can be lifted in a given time. 

On the reverse-roll table, the rolls serve to sep- 
arate the apples in rows approximately 4 inches 
apart. This permits the apples to roll freely and 
makes visual inspection of the surface easier. 

On the spiral-roll table the apples tend to group 
themselves together; at times, when volume is heavy, 
they skid on the rolls with little rotation or forward 
movement. When the spiral-roll table is not 
crowded, apples tend to rotate freely and pass before 
the sorters with regular spacing in rows the length of 
the table, so that ease of visual inspection is about 
the same as on the reverse-roll table. 


INSPECTION OF APPLES 


ON 3 TYPES OF SORTING TABLES 


Size 125 Fruit 
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DEVICES AND TECHNIQUES TO IMPROVE SORTING 


Because the reverse-roll table was the most effi- 
cient of the 3 tables tested, additional studies of 
this table were undertaken. The objectives of these 
studies were (1) to redistribute the workload so that 
some workers were not overworked while others were 
relatively idle, and (2) to simplify the operation by 
changing the pattern of motions, the need for making 
motions, or the extent of motions. 

In developing improvements of methods and 
equipment, the major goal was to increase the ca- 
Studies on improvements of the 
reverse-roll table were made in a plant equipped with 
2 such tables. Changes were made on one table 
while the other table remained unchanged. The 3 
changes were as follows: (1) The surface of the table 
was divided into lanes, (2) variable speed of trans- 
lation (speed at which the rolls move over the table) 
was made possible, and (3) a cull disposal chute was 
installed beside each sorter. 


pacity of workers. 


Division of Sorting Surface Into Lanes 


The typical reverse-roll table, approximately 48 
inches wide, is divided into 2 or 3 sections running 
the length of the table. 
side of the table is approximately 24 inches wide, 
and extends from the edge to the center of the table. 
Some apples, left on the table after they pass the 
first 2 sorters, are inspected a second and sometimes 
a third time by other sorters on the same side ot 
the table. This is needless duplication of work. 
Another shortcoming is the inability of management 
to place individual responsibility on sorters for the 
proper grading of fruit that runs off the end of the 
table. 

The work surface of 1 table was divided into 


The work area on either 


6 lanes, 3 on either side of the small runoff belts, 
running the length of the table (fig. 5). This was 
accomplished by attaching links between rolls at 
approximately 8-inch intervals across the width 
of the table. The links were about 1 inch above the 
table surface and flush with the tops of the rollers; 
the apples could not roll from 1 lane to another. 
After the lanes installed, 
assigned a lane and instructed to sort only the 


were each sorter was 


apples in that lane. Thus all of the apples were 
inspected only once. 

Efficiency of sorters increased by 10 to 46 percent 
after lanes were installed (table 3). Furthermore, 


their efficiency increased in sorting apples of every 
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BN-4602 
FicurE 5.—Reverse roll sorting table divided into lanes. 
Note cull disposal chutes at each work station. 


quality, but especially when less than 35 percent of 
the fruit was of low grade. 

(1) Duplication of work was eliminated—Because 
each sorter was assigned only | lane, each apple 
was inspected only once. The sorters were able to 
inspect more apples in a given time with apparently 
no more effort than was required on the original 
table. Since no other changes were made, the in- 
creased efficiency was attributed to the elimination 
of duplication. 

(2) Sorters developed feeling of responsibility.—The 
use of lanes gave sorters a feeling of responsibility 
for the flow of fruit allotted them. This change in 
attitude of sorters was definitely noticeable. They 


TABLE 3.—Number of apples of specified qualities and 
size sorted on a reverse-roll sorting table before and 
after individual work lanes were installed 


Apples inspected per 
sorter per hour ! 
Percentage of Increase 
low-grade fruit 
Without With 
lanes lanes 
Percent 
1 ee one BcaOomcnoe AAs nods 5, 346 7, 869 46 
eas cos ree acer Te ae 4, 410 5, 994 36 
DS h ics suse cneeeeserret eee 3, 624 4, 500 24 
Bota HERE Me eS herae ald: 3, 286 3, 858 17 
LAs yarns eicneo HRI not io.cG 3, 098 3, 500 13 
GT etitccmiisnaimsb on hon ve 2,979 3, 274 10 


1 Size 125 apples (234 inches in diameter). 


A, 


nce 


knew how much work was expected of them. On 
the typical reverse-roll table some ill feeling among 
sorters was noted. Because of the imbalance of the 
workload, 1 or 2 of them did not do a fair share of 
the work. When lanes evenly divided the workload 
among sorters, this difficulty was removed. The 
feeling of responsibility seemed to create a desire to 
maintain a high rate of production. This psycho- 
logical factor seems to be a significant advantage in 
dividing a sorting table into lanes. 

(3) Work was equalized among  sorters.—Under 
the present system of sorting on all types of tables, 
the amount of work performed by individual sorters 
varies widely. Most of the apples removed from the 
table are lifted by the first two sorters on either side 
of the table. Usually these sorters try to remove as 
many of the low-grade and cull apples as possible. 
Consequently the remaining sorters are idle a good 
part of the time. 

The unequal workload was eliminated, after lanes 
were installed. The flow of fruit past sorters was 
equalized by dividing the table surface into six 
lanes. Approximately the same number of apples 
was presented to each sorter, and about the same 
number of apples was lifted by each sorter. 

(4) Work of each sorter can be checked.—When 
lanes were used, each sorter was responsible for 
grading apples in only | lane. Since apples in | 
lane did not mix with apples in the other lanes, super- 
visors were able to evaluate the skill of individual 
sorters. On the standard table, it was impossible 
to affix responsibility on individual sorters for the 
sorting errors since there was no way of keeping 
separate the apples inspected by each sorter. 

(5) Better sorting techniques were possible.—Sorters 
adopted more efficient sorting variations when work- 
ing on the table equipped with lanes. On this table, 
the sorters did most of the inspection while the 
apples remained on the table. On the other table, 
sorters picked up more than half of the apples in 
order to inspect them. When lanes were used the 
percentage of apples inspected while. on the table 
increased from 44 to 70 percent. 

Sorters necessarily developed more efficient work 
habits. While a sorter is hand-inspecting an apple, 
she may fail to see defective apples that pass by on 
the table. Without the lanes sorters were not 
greatly concerned about the defective apples they 
missed. However, when a sorter was responsible 
for inspecting all the apples in one lane she had to 
adopt more efficient work habits. 

When working on the standard reverse-roll table, 
a sorter frequently picks up an apple from the table 


and, after a closer inspection in the hand, returns it 
to the table. This is wasted motion. A comparison 
of these types of mistakes, on the tables with and 
without lanes, provides still another reason for the 
use of lanes. On the standard reverse-roll table, 16 
percent of all apples lifted were put back on the table. 
This compares with only 5 percent for the lane- 
equipped table (table 4). By confining inspection to 
the small area enclosed by 1 lane, a sorter made more 
positive decisions after only | inspection. 

Most of the sorters preferred working on the lane- 
equipped table. They stated that the lanes made 
the work much easier and assured each sorter of doing 
only her fair share of the work. Another remark 
frequently heard was that one sorter could not be 
blamed for another sorter’s mistakes. A decided 
improvement was noted in the morale of sorters using 
the table equipped with lanes. 

Figure 6 shows the “before” and “after” workload 
distribution among sorters on the improved and the 
standard reverse-roll tables. 


REVERSE-ROLL APPLE SORTING TABL 


Distribution of Workload Among 8 Sorting Positions Before 


joes 
EFFECT OF INSTALLING 6 LANES a] 
E 


and 6 Positions after Lanes Were Installed 


BEFORE LANES INSTALLED 


35% 


Yj Bt 


| RUN-OFF BELT 


27% 


38% 


AFTER LANES INSTALLED 


33% 33% 


LA HA 


RUN-OFF BELT 


UL 


26% 


WZZA Percent Removed by Each Sorter 
PARTMENT OF AGRICULTURE NEG. 4846257 (11) AGRICULTURAL MARKETING SERVICE 


FIGURE 6 


TABLE 4.—Percentages of apples picked up by sorters 
and returned to table before and after individual 


work lanes were installed on the reverse-roll table 


Percentage of apples 
picked up and 

Sorter returned to table 

Without With 

lanes lanes 
Y CES en isi eae ais ood. o ul 2 
1 een Beene oS 0 6 orls.c 20 9 
Gis e Seas cacusie fac. oto Ree 29 14 
Deke atte sea... cs eee 12 4 
Be Fo ees ok: eee ll 3 
Average! soac: s260 eee 16 5 


Varying the Translation Speed 


The improved reverse-roll sorting table was 
equipped with a variable-speed drive. With this 
drive the forward speed of the rolls could be varied 
between 10 and 30 feet per minute. In plants 
surveyed, the tables were generally operated at about 
18 feet per minute. At this speed, the apples tended 
to group closely together between the rolls. When 
the table was covered with fruit, the sorters appeared 
to be working to capacity. Only a limited number of 
apples could be inspected because of the slow speed. 

The speed of the rolls determined the number of 
times per minute the apples on the table rotated. 
When the speed of the rolls was increased, the num- 
ber of rotations per minute also increased. By 
changing the speed of the table an attempt was made 
to derive a specific speed and rotation at which the 
sorters worked most efficiently. 

In a series of trials spread over several weeks, the 
table was set at different speeds ranging from 15 to 
30 feet per minute. The table was operated at each 
speed setting for at least 1 fullday. When the speed 
was increased, most sorters said at first that the 
apples moved too fast. However, when they be- 
came accustomed to the increased speed within an 
hour or two, most of them expressed a preference 
for the higher speed. When the speed was greater 
than 25 feet per minute, many sorters could not 
inspect the apples thoroughly. Consequently more 
than 5 percent of below-grade apples were missed. 
The speed preferred by most sorters was approxi- 
mately 25 feet per minute. The table was operated 
at this speed for several days, and then reduced to 
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around 20 feet per minute. The sorters then com- 
plained that rotation was too slow. 

The increased table speed had a decided effect on 
sorting techniques. At low speed, workers sorted 
the fruit directly in front of them. At faster speeds, 
sorters tended to face in the direction of the oncoming 
fruit (fig. 7). Thus the fruit was inspected at a 
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Ficure 7.—Slightly higher speed of translation caused sorters 
to face toward the flow of the oncoming fruit. 


point up the table rather than directly in front of the 
sorter. This is desirable, because the sorter is able 
to see more of an apple’s surface. When a sorter 
looks only at the fruit directly in front of her, she 
cannot generally see the whole surface unless she 
turns it over by hand. 


Cull Disposal Chutes 


The cull disposal conveyor belt on most sorting 
tables is located over the center of the sorting table, 
usually 15 to 18 inches above the table surface. The 
average distance from all parts of the table surface 
to the cull disposal belt is about 20 inches. (The 
distance from the edge of the table to the cull belt is 
approximately 25 inches.) 

To lessen the time required to dispose of culls, and 
to reduce fatigue of sorters, a disposal chute was 
installed beside each sorter (see fig. 5), toward the 
direction from which the fruit flowed. This also 
induced sorters to face that direction. The culls 
placed in the chutes dropped onto a conveyor belt 
running beneath the table. 

Placing cull chutes beside the sorters reduced the 
distance culls were moved by‘hand, and reduced the 
time required to dispose of culls by about one-third. 
This is an important element. in the sorting opera- 
tion, since cull apples are usually not randomly 


se 


distributed throughout the fruit but frequently 
appear in groups. Because it is sometimes necessary 
to remove a large number of culls quickly, the time 
saved by the use of cull chutes represents a significant 
improvement. Time checks made on a cull belt 
located in the center of the table and on chutes lo- 
cated beside the sorters showed that it took 2.5 
minutes to dispose of 100 culls via the belt and only 
1.6 minutes via the chutes, a time saving of 36 
percent. 

With cull disposal chutes, sorters used both hands 
to remove apples from the table. Sorters removed 
culls with the hand nearest the cull chute, and trans- 
ferred other apples to the proper conveyor belt with 
the other hand. When a large number of low-grade 
apples had to be removed, the use of two hands 
enabled sorters to remove the apples with a mini- 
mum of interference with visual inspection of the 
apples still on the table. 


Additional Sorters at Head of Table 


The improved reverse-roll table was built to 
accommodate only 6 sorters, 3 on either side of the 
table. In most plants using 3-section sizers, 6 
workers are able to sort enough top-quality fruit to 
maintain most other packing room operations at or 
near optimum levels. However, when poor-quality 
fruit is sorted, the total volume sorted by 6 workers 
falls below the requirements of the other packing 
room operations. In order to maintain production 
rates, when sorting poor-quality fruit, it is necessary 
to employ 2 to 4 additional sorters. 

With the improved reverse-roll table the general 
practice of stationing additional sorters at the end 
of the table nearest the sizing line increased produc- 
tion only slightly. The 2 additional sorters stationed 
at that end of the table removed less than 15 percent 
of the total number of apples lifted from the table. 
Furthermore, the additional sorters returned to the 
table 30 to 50 percent of the apples they picked up. 
Since the additional sorters spent most of their time 
inspecting apples already inspected by the other 
sorters, only a slight increase in production was 
noted. 

When 2 additional sorters were stationed at the 
beginning of the table—before the flow of fruit 
reached the first regular sorters on either side of the 
table—production increased. These 2 sorters were 
instructed to scan the entire flow of fruit and pick 
out the obviously defective apples; final inspection 
was made by the regular sorters sorting in lanes. 


Removal of the below-grade apples by the added 


sorters improved the quality of the fruit flowing past 
the regular sorters. A proportionately greater 
number of apples was inspected per sorter, as the 
quality of the fruit improved. 


Controlled Dumping Rate 


Variations in size and quality make it impossible 
at times to supply enough fruit to maintain sorting 
at maximum efficiency. In many packing plants 
little consideration is given to size and quality of 
fruit when setting the dumping rate; hence sorters 
sometimes work above a normal rate and at other 
times below normal. Generally, sorters work below 
maximum efficiency because management uses no 
measure of the amount of work sorters can do. 
The sorters establish their own workpace. 

An aid in achieving a high rate of production is 
a chart showing the number of boxes of apples 
that could be dumped per hour for various levels 
of quality and size. Table 5 shows how a dumping- 
rate chart can be drawn up. The upper part of 
the table shows the method used to accumulate the 
necessary data.? As the number of lots recorded 
in this table is not sufficient to develop a chart for 
all sizes, the method is illustrated for size 125. 
Readings from the curve shown in figure 8 can then 
be set up in tabular form like that shown in the 
lower half of table 5. Figure 8 is intended to serve 
only as a guide. It would be desirable for plant 
operators using other types of sorting tables to 
develop similar charts because of the variations in 
conditions that occur from plant to plant. To pre- 
pare such charts, plant operators would have to 
maintain detailed records for several weeks of the 
number of boxes dumped per hour and the average 
size and quality of the fruit sorted. 

To fully utilize a dumping-rate control chart, the 
sorting supervisor should maintain a close check on 
the size and quality of the fruit being sorted so that 
the dumping rate can be maintained at the proper 
level. Before a lot of fruit is sorted the supervisor 
should examine it to estimate the average size and 
quality of the apples, and he should set the dumping 
rate accordingly. Also, while fruit is being sorted, 
he can estimate the size and quality from the distri- 
bution of the apples falling into the packing tubs. 
Quality and size of fruit should be checked occa- 
sionally while the lot is being sorted in order to de- 
tect variations that might occur. 

The total labor cost of hourly workers on a typical 


2 Derived from data obtained in making this study. 
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TABLE 5.—Sample form for recording daily performance of sorting table and expected dumping rates in unpacked 
boxes, per hour, for apples of various sizes and qualities on a spiral-roll sorting table using 8 sorters 


Perfcentage| Hourly Percentage | Hourly 
Lot number Apple of low- dumping Lot number Apple of low- dumping 
size ! grade rate size ! grade rate 
fruit ~ fruit 
Boxes Boxes 
Le Sos ee een eee 138 27 259° |) DIR oo aaeees seer eae 125 17 315 
Dee tae citi nioest eel erase 150 15 BOO Listes sacs depo corns ies: 125 25 290 
b Semen aran Orci re tcipar nr Orne re caer 125 20 BEN itd Bik ae ncmemdine Sen no nou 138 38 250 
AAs ia tere Seay ee eS 125 35 Patsy teal eee clos obs 125 28 250 
IO Uee Sen cents eyeoierare cs atest 163 45 22.9'-||\UOs sg. neon ae crear eee 138 22 270 
Oe aia ot coon ee 125 48 265) || SHOR Saar ee 125 21 280 
Mech Mst toe ee ren eee 88 30 330) s|l Uti oh mine tea ame 150 25 250 
be RaR Se Iai rca G Sip irene 100 26 320) | 1S rere copiers ere eee 125 45 250 
ernie cram i on eaceeerO On 125 40 2107 NOs oo cea er ene 138 40 250 
NO eis selec eosin ey sees 138 30 265 
Hourly dumping rate for apples of size— 
Percentage of low-grade fruit 
100 113 125 138 150 
Boxes 

1S ea ene ar seer reemen nea Mn Doh ae eet ita alu a Wiencaee iar el || reo b bro apie|la-a Oo 0b «ees BY oeree eral nena 5.0 8.5 
7) ee ar a eRe Ain icici eriae ai nema G. ais aA cal (Go uido' 8 a's alloca oo dla o's i Usa liees aera [es Gendioca.o G6 
PE Peas ae ae rene ee ries ns Con I Shy te aso ae mics te a irom etel | acieoo Hicia. 4 load b.qco.S8'e PAST ir Femi tert eal | es ody 
ea ere Soe ne OMe Sb Eh soe IGA Nc oes CACO RS| ocobincde.cellaooiceoe oe 531 bea ene Peioisdiio(3 6 
Bh eee ene ee mare ore nee mnie eee aloes Oo ea en ais b.c|las bad o5.0.4.alleoccsc-enac 210 iis teh sos tel arse eee 
0 erie, Aamo eee NM Bue SaaS Oo Gods Toon aoe cullasc vec oda 265). asses |e ee 
2S eon ea en area aren en Aen aa Gs Game Gea c alls aoods Sacbllaicooveds.oc 260) |xtiearecasl Se |e 


1 Size shows number of apples required to fill a packed box (standard Northwest apple box, outside dimensions 12 by 11 


by 1944 inches). Size 125 apples are 234 inches in diameter. 
packing line is about $200 a day, or about $1,000 a 
week.’ Labor cost for apple packers is excluded 
from these totals; most packers are paid on a per- 
unit-of-output basis in the Pacific Northwest. If, 


by using a dumping-rate chart, a single packing- 


ADAPTING IMPROVEMENTS 


Sorting efficiency on the reverse-roll table was 
increased substantially by the addition of individual 
lanes. This new principle can be applied to the 
belt and spiral-roll tables as well. However, the 
narrow work surface of some tables will limit the 
With narrow tables the full value 


of lanes may not be realized, because it would be 


number of lanes. 


3 Assuming 10 sorters, 1 stamper, 1 labeler, 1 lidder, 1 pack- 
ing supplyman, 1 box supplyman, 1 cull man, 1 supervisor, 
2 supplying unpacked fruit, 1 segregator, and 2 placing 
packed fruit in storage. 
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line plant could increase its dumping rate by 5 to 
10 percent (this amount could be expected), a sav- 
ing of $50 to $100 per week could be realized. For 
a 3-month packing season, $650 to $1,300 might be 
saved. 


TO OTHER SORTING TABLES 


On 


these tables, 2 sorters may be assignéd to a lane, 


impossible to assign only | sorter to a lane. 


provided the lane carries more fruit than 1 sorter 
can inspect and grade. Under this system there 
would be some duplication of work; the second sorter 
would inspect some apples which the first sorter had 
already checked. The duplication would not be 
as great as under the current system of sorting, 
however, where the same apple may be inspected by 


3 or more workers. 


DUMPING RATE FOR APPLES 
ON SPIRAL ROLL SORTING TABLE 


In Unpacked Boxes Per Hour, Size 125 Fruit, Using 8 Sorters 


DUMPED PER HOUR \ 
(BOXES) ‘ 
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Ficure 8 


Most existing belt tables are the return flow type. 
They require that all apples be lifted from the 
table. There would be no advantage in installing 
lanes on this type of table unless one grade of fruit 
was left on the table and conveyed directly to the 
sizing line. Belt tables could easily be divided into 


lanes; however, the amount of savings would be 
limited because most belt tables are too narrow to 
accommodate more than 2 lanes on each side. 


La = = Y 
US.DEPARTMENT OF AGRICULTURE NEG.4911-58(2)A.M.S 


FicureE 9.—Lanes may be made on a belt or spiral-roll table 
by extending rods down the length of the table. 


Lanes could be provided on the spiral and belt 
tables by using small-diameter metal rods or heavy 
wire, as illustrated in figure 9. The rods could be 
suspended about \ inch above the table surface. 
For lanes 4 inches or more in width, the rods could 
be attached on a belt table as shown in figure 10. 
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Figure 10.—If lanes are over 4 inches wide, rods could be 
attached to a brace at each end of the table. 
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Apples normally move down the natural valleys of 
the spiral-roll table. The benefits of lane sorting 


NEW FLOAT-ROLL 


Development of New Table 


Studies of the reverse-roll sorting table indicated 
that sorting efficiency could be increased by increas- 
ing the rotation speed beyond that possible on the 
reverse-roll table. On the reverse-roll table the 
number of times that an apple rotates in a given 
distance cannot be changed because the bottom of 
the sorting table remains stationary. The fruit is 
merely rolled across the table. 

Following the research on the reverse-roll table, 
plans were developed for a new sorting table which 
would allow the rotation of the fruit to be altered 
independently of the translation speed. With con- 
trolled rotation, the best combination of forward 
motion and rotation for fruit of different qualities 
could be determined. Several new types of table 
surfaces were designed to utilize the 2 improve- 
ments developed by this research—lanes on tables, 
and variable speed of translation and rotation of 
fruit. Small mockups were made in order to test 
the action of the surfaces on the apples. The plan 
adopted, after considering the various alternatives, 
is shown in figure 11. 

From experience gained with the improved reverse- 
roll table, a small working model (prototype) of the 
new table was built. The surface of the table con- 
sisted of small rubber-covered rolls extending across 
the table. The rolls were spaced so that the fruit 
was carried, or “floated”, on top of the rolls. The 
forward motion could be controlled by varying the 
speed at which the rolls moved down the table; the 
rotating speed of the fruit was controlled by varying 
the rate at which the rolls rotated. 

The prototype was used to test several innovations 
in fruit sorting, including more efficient spacing of 
the rolls. When the centers of the rolls were 2 
inches apart, the apples rotated freely, rode in full 
view on the table, and had a definite tendency to 
space themselves evenly on the rolls. 

The prototype was also used to test several widths 
of lanes, ranging from 2}4 inches to 4 inches. In the 
2%-inch lane the apples moved down the table satis- 
factorily, but the limited space tended to keep the 
stem and calyx ends of the apples in a horizontal 
position. In a 4-inch lane, the apples did not sepa- 
rate as much as desired. In a 3%-inch lane, the 
apples rolled freely and spaced themselves at desir- 
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can be obtained by assigning workers to sort 1 or 2 
of these valleys. 


SORTING TABLE 
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FicureE 11.—A small prototype of the float-roll sorting table. 


able distances; this width permitted the use of 6 
sorting lanes on a commercial-size table without ex- 
tending beyond the efficient reach of the sorters. 
No significant bruising of fruit was detected in the 
31-inch lane. 

Some sorting tables with these advantages have 
been made by commercial manufacturers and will 
probably come into use. 


Construction and Testing of 
Commercial Model 


A commercial-type float-roll table was constructed 
on the pattern of the prototype (fig. 12). This table 
was approximately 12 inches wider than any com- 
mercial table in use. In the center of the table 2 
lanes were provided to carry off 1 grade of sorted 
fruit. These lanes, being beyond the efficient reach 
of the sorters, were not used to carry unsorted fruit. 

Two alternative methods for dividing the table 


Fruit flows into twe/ve chonnels 
of main sorting table. Two 
/arge /anes afcenter of table 
handle fruit transferred from 
other lanes. 
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Figure 12.—Sketch of float-roll sorting table. 


surface into lanes were tested (fig. 13). On one side 
of the table rubber washers were used to provide 6 
lanes, and on the other side a series of small metal 
rods extending the length of the table also provided 
6 lanes. 

The new float-roll table was about 17 percent 
more efficient than the improved reverse-roll table, 
which in turn averaged 24 percent more efficient than 
the standard reverse-roll table. ‘Table 6 shows the 


U.S.DEPARTMENT OFAGRICULTURE NEG.4914-58(2)AM.S. 


Ficure 13.—Lanes may be made on the float-roll table by 
using rods or rubber washers. 


TABLE 6.—Number of size 125 apples of specified 


quality sorted per sorter, per hour, on float-roll and 


improved reverse-roll tables ' 


Percentage of low- 


Apples inspected per sorter 
per hour 


grade fruit Difference 
On improved] On float-roll 
reverse-roll table 
table 
Percent 
NO Bea eerie ete eat 7, 869 9, 500 20.7 
ee ee sis POURS cake 5, 994 7, 164 19.5 
DO Parcs custo eee 5, 064 6, 000 18.5 
AS a oe ae rants gare 4, 500 5, 302 17.8 
BO asic, cesta anasicuate ie 4, 124 4, 834 Az 
SoA ca Bey ets enrs 3, 858 4, 500 16. 6 
AQ rath. ee ae ad 3, 656 4, 250 16. 2 
AD ie ies sateenrebo estates 3, 500 4, 056 15.9 
SOIR ede Achoa proteus ys 3, 376 3, 900 15.5 
ts aoe ae eace kro an tars 3, 274 3, 774 1553 
Average....... 4, 522 5, 328 17.3 


1 Size 125 apples are 24 inches in diameter. 
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number of apples of specified qualities sorted on 
both the float-roll and the improved reverse-roll 
tables; the relative increase in efficiency was about 
the same at all levels of quality. After preliminary 
testing, the float-roll table was installed in a com- 
mercial packing line. 

While setting up the table for operation, the two 
variable-speed drives controlling rotation and trans- 
lation were calibrated to obtain approximate settings 
for various combinations of forward motion and 
rotation. The gearing of the table was adjusted so 
that the forward speed could be varied between 15 
and 40 feet per minute; the rotational speed of a 
size 125 apple could be varied between 0 and 70 
revolutions per minute. 


Advantages of New Table 


It is not known which factors contributed most 
to the increased efficiency of the float-roll sorting 
table. Disregarding order of importance, some of 
the factors are: 

(1) Single lanes for sorters enabled them to 
establish a definite rhythm in their work. 

(2) The smooth rotation of the fruit aided visual 
inspection of the complete surface. 

(3) Because the fruit rested on top of the rolls, it 
could be seen more clearly and completely. 

(4) The background of the rolls, coated with 
white paint, reduced eyestrain. 

(5) The apples were not crowded on the table. 

(6) The speed of forward motion could be varied. 

One main reason for the increased efficiency of the 
float-roll table was the presentation of apples in a 
single row. This resulted in a steady flow of fruit 
past each sorter in a manner which enabled her to 
use rhythm in her sorting motions; apparently no 
more effort was required of the sorters on this table 
Rhythmic 


motions enabled a sorter to distribute her time 


than on the improved reverse-roll table. 


among all the apples in her assigned lane, so that 
few of the apples in the lane passed by uninspected. 

On the float-roll table the apples were carried on 
top of the rolls, rather than in between them, so that 
This 
constant rotation enabled sorters to see the surface 
of each apple clearly and to notice defects readily. 
On a reverse-roll table the apples are pushed across 


the fruit rotated smoothly and continuously. 


a stationary surface, and they rotate irregularly and 
with a slight jerking motion. 

The importance of visual inspection of the apples 
was emphasized by sorters’ comments. About 20 
different sorters worked on the float-roll table during 
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the test period; they stated that defects on apples 
were easier to see, and eyestrain was considerably 
reduced. The action of the rolls tended to spread 
the apples, with the result that fruit was presented to 
sorters at regular intervals (fig. 14). Many of the 
sorters worked alternately on the float-roll table and 
on a reverse-roll table. Consequently, they had a 
valid basis for comparing the two tables. 


BN-4605 


Ficure 14.—Apples are carried on top of the rollers, making 
visual inspection easier. 


Before the float-roll table was installed in a com- 
mercial packing line, a light-colored paint was 
applied to both the rolls and the background board 
under the rolls. After working on the table for a 
short time, the sorters expressed satisfaction with 
the surface. They stated that inspection was easier 
because of the contrast in color between the apples 
and the sorting surface. 

When poor fruit is sorted on a belt, spiral, or 
reverse-roll table, relatively few apples are on the 
table. When good fruit is sorted the apples are close 
together on the table; this crowding restricts rota- 
tion of the fruit. This shortcoming is eliminated on 
the float-roll table by changing the forward speed to 
correspond to the number of apples being sorted. 
If desired, a greater volume of fruit can be sorted by 
simultaneously increasing the dumping rate and the 
forward speed, to convey apples faster while main- 
taining the spacing between them. The higher for- 
ward speed is possible because the rotation of the 
fruit can be adjusted to a rate at which the sorters 
can clearly see the defects on the apples. On the 
other types of tables, if the speed of the table is 
increased, rotation of the fruit is also increased. 


Variable Speeds of Translation and 
Rotation 


The float-roll table permits a greater volume of 
fruit to be sorted in a day, especially when sorting 
good fruit. The two factors largely responsible for 


this advantage are (1) the variable translating speed 
of the table, and (2) the extra width of the table.* 
Variable speeds give the float-roll type of sorting 
table a decided advantage over other types of sorting 
equipment. By increasing the forward speed, more 
fruit can be inspected in a given time, thereby taking 
advantage of the fact that lots of better quality are 
easier to sort. In the tests the float-roll table was 
run at about 40 feet per minute. (Sorters were 
unable to sort fruit adequately on a reverse-roll table 
when the translating speed exceeded 28 feet per 
minute.) Sorters are frequently unable to inspect 
the best lots of fruit as fast as possible because the 
sorting table (belt, spiral, or reverse roll) cannot 
carry the volume. Faster packing of unusually good 
fruit is difficult in some plants because of the limited 
capacity of the sizing line or an insufficient number 
of packers. ‘Table 7 shows the capacity of the float- 
roll table, when using 8 sorters, to be about 56 per- 
cent greater than the spiral-roll table and almost 18 
percent greater than the improved reverse-roll table. 


TABLE 7.—Number of boxes of apples dumped, inspec- 
ted, and packed, per sorter, per hour, on specified 
types of sorting tables.’ 


Apples Boxes of | Boxes of 
Equipment inspected apples apples 
per sorter | dumped packed 


per hour ? | per hour 3 | per hour 4 


Spiral-rol]l............. 3, 397 289 206 
Reverse-roll............ 3, 624 309 220 
Improved reverse-roll. . . 4, 500 384. 274 
Bloat-rollesssae 4). oe 5, 302 452 322 


1 Assumed average apple size 125, (234 inches in diameter), 
with 25 percent C grade and culls. Standard Northwest 
apple box, outside dimensions 12 by 11 by 19% inches. 

? Eight sorters per table. 

3 Factors considered in deriving these figures were: (a) 
Apples inspected per hour; (b) number of sorters; and (c) 
average number of apples in unpacked boxes. 

4 Assumed to be 75 percent of boxes dumped per hour less 
5 percent culls. 


With a 6-section weight-type sizer, the total 
capacity of the float-roll table could not be used to 
sort lots of above-average quality. The volume 
inspected would be too great for the sizing equipment. 
Table 8 shows the capacity of the commonly used 
6-section weight-type sizer and the capacity of the 
float-roll sorting table, using 8 sorters, for fruit of 


4 The float-roll table can be made with 4, 5, or 6 lanes on 
either side of the table, depending on such things as the size of 
the washer used and the number of sections in the sizing line 


TaBLeE 8.—Number of packed boxes of apples inspected 
by 8 sorters on a float-roll sorting table, and capacity 
of a 6-section weight-type sizer 


Percent-| Apples | Per hour capacity | Excess 
Number of | age of {inspected (packed boxes) sorting 
apples per low- per capacity 
box ! grade | sorter over 
apples per 8 sorters/6-section| sizing 
hour sizer? |capacity 
Boxes Boxes Boxes 
Cy reise anton 10 | 9,500 820 513 307 
15 | 7,164 619 541 78 
25 | 5,302 458 AS Th ads cc area 
35 | 4,500 389 550 looeecves 
45 | 4,056 SOOM generous pacithe ee 
100) eee 10 | 9,500 722 471 251 
15 | 7, 164 544 498 46 
25 | 5,302 403 448 |........ 
35 | 4,500 342 GNM Moo ocogac 
45 | 4,056 SOS Ree cpotel lees ere 
MUS earn soeueesie 10 | 9,500 639 432 207 
15 | 7,164 482 456 26 
25 | 5,302 356 ALO! is cites cine 
35 | 4,500 303 ARO io races 
45 | 4,056 DEUS cc Siege sca essanate aces 
1 PAS aera nto eee 10 | 9,500 578 404 174 
15 | 7,164 436 427 9 
25 | 5,302 322 SUE) jlldicn- cig Bo 
35. | 4,500 274 AAO osiced avecess 
45 | 4,056 DATO ese ce aaie le rie 2 eee 
V3 Sheen 10 | 9,500 523 370 153 
15 | 7, 164 394. 391 3 
25 | 5,302 292 3527 eee 
35 | 4,500 248 AQQE Ree ies 
45 | 4, 056 Ppa Nia iors eae tele eee Hg o 
ISOS 10 | 9,500 481 341 140 
15 | 7, 164 363 359 4 
25 | 5,302 269 S245 hearer reian 
35 | 4,500 228 SO arctan 
45 | 4,056 PAO CT sie eevee Vs eonkent cao 


1 Standard Northwest apple box, outside dimensions 12 by 
11 by 19% inches. 

2The quantity of fruit that can be sized on a 6-section 
weight-type sizer varies with the distribution of the grades 
within each lot of fruit. The quantity that can be sized is 
largest when about 16% percent of the apples being sized go 
to each section, or 3314 percent go to each double section. 
The quantity that can be sized declines if the proportion of 1 
grade increases. 


various sizes and qualities. For size 125 apples, 
when 10 percent of the fruit is of low grade, the 
capacity of the float-roll table would exceed the 
capacity of the sizer by about 174 boxes per hour. 
By test, the effect of varying the rate of rotation 
of the apples at different translating speeds was 
determined. Since the float-roll table was equipped 
with 2 variable-speed motors, the rotations per foot 
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of forward movement could be varied between zero 
and 4, at a forward speed of 20 feet per minute. 
At 35 feet per minute, the rotations per foot ranged 
from zero to 2}. 

Tests of forward motion and rotation were made 
on the float-roll sorting table to duplicate those made 
on the improved reverse-roll table. The float-roll 
table was operated at a forward speed of 25 feet per 
minute and a rotation speed equivalent to 1.4 rota- 
tions per foot for size 125 apples. The forward 
speed was then increased to 35 feet per minute with 
the rotation speed held constant at 1.4 rotations per 
foot. The percentage of below-grade fruit going off 
the end of the table was about the same at all speeds. 

When the rotation of the apples on the float-roll 
table is controlled, faster forward speeds are possible 
without reducing sorting efficiency. To determine 
the effect rotation alone had on sorting efficiency, 
studies were made holding the forward speed con- 
stant and varying the rotation speed. No clear re- 
lationship existed between the rate of rotation and 
the average quality of the outgoing fruit within the 
practical ranges of the rotation speeds studied (table 
9). Although a satisfactory sorting job was accom- 
plished for all combinations of forward speeds and 
rotations observed, some combinations minimized 
the effort needed to do the job. 

Visual inspection, the most important element of 
the sorting operation on the float-roll table, requires 
varying degrees of effort on the part of sorters. 
Within certain ranges of rotation speed the sorters 
found it easy to see the entire surface of the apples, 
while at higher rotations they had to look more in- 
tently and quickly at the doubtful surface areas in 
order to adequately determine the grade of the 
apples. Since this phase of the sorting job was not 
measurable, the best estimate of satisfactory rotation 
was obtained from the sorters’ preferences. The 
tabulation below shows the range of rotation and 
forward speeds that the sorters preferred: 


/ 


Rotations 
per foot 
Translation speed per minute (feet): (Number) 
DE ee reece Ee taps he I a 1. 4-1. 6 
OL) ori Pat ORM ein ALE Coote lo dana a te 2153 
See Pairs 2 ec Ten Snuiic ahs pete ng tata 1. 0-1. 1 


Note that the rate of rotation of the apples was 
about the same for all forward speeds. Thus it is 
possible on commercial models of the sorting table to 
install only one variable-speed motor; then, by setting 
the rotation control at a specific number of rotations 
per foot for a specific translation speed, the resulting 
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TABLE 9.— Average quality of size 125 apples sorted on 
float-roll sorting table operated at different translation 
and rotation speeds ! 


Apples |Transla-| Rota- | Average Average 

Number of | dumped| tion tions incoming] outgoing 
observations | per hour |speed per] per foot | quality ? | quality 2 

minute 

Feet Percent | Percent 

bee as eee 4, 500 25 1.0 40 ah 8) 
Dice ae 4, 500 25 1.4 44 5.0 
OD: eRe 4, 500 25 1.8 40 4. 3 
Fea eae 4, 500 25 2.3 42 Il 
7 RRS eke e 6, 300 35 8 22 Sse 
Bar cree ee 6, 300 35 1.0 22 74, 
Bos cnemres 6, 300 35 1.4 25 3) 
PA merge 6, 300 35 1.6 22 5. 0 


1 Size 125 apples are 2% inches in diameter. 
2 Percentage of C grade and culls. 


rotations at all other table speeds would be about the 
same as those preferred by the sorters. Table 10 
shows the rotations per foot of a size 125 apple when 
the speed of the rotational drive (base drive speed) 
is held constant and the forward speed varied. 


TABLE 10.—Rotations per foot of size 125 apples on a 
float-roll sorting table for varying translation speeds 
and constant rotating speeds ' 


Base drive speeds _| Rotations per foot when translation 
speed is changed to— 
Rotations | Transla- | 20 feet | 25 feet | 30 feet | 35 feet 
per foot | tion speed | per per per per 
per minute | minute | minute | minute | minute 
Feet 
LA eae 25 1.9 1.4 1.0 0. 8 
U2 ace 30 Pay? 1.6 2 5!) 
ORs ase a: 35 2.4 1.8 16 8} 1.0 


1 Size 125 apples are 2% inches in diameter. 


Presenting Fruit in Multiple Rows 


Tests were also conducted on the float-roll sorting 
table to determine the effect that presentation of 
apples in multiple rows had on efficiency. Results 
of 10 tests showed that, on the average, 6.0 percent 
of the fruit leaving the table from 2 rows was below 
grade, whereas 4.0 percent of the fruit from a single 
row was below grade.? 

5 Apples inspected per sorter per hour, 4,500; percentage of 


C grade and culls, 40 percent; average rotations per foot 
1.4 for 1 row, 2.4 for 2 rows. 
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The presentation of apples in multiple rows did 
not facilitate visual inspection. With many types 
of defects, a close examination was necessary to 
determine the grade. Although more apples were 
included in the sorter’s cone of vision in 2 rows, she 
had to closely examine most of the defective apples 
lat atime. The presentation of apples in multiple 

~ rows does not appreciably affect the work of closely 
inspecting the surface of a single apple. 


studies disclosed this fact. In some cases an addi- 
tional part-time worker may be needed to move un- 
packed boxes from storage to the temporary supply 
bank near the washer. 

When fruit is dumped manually, the dumping 
rate averages about 300 unpacked boxes of apples 
per hour. One worker cannot dump enough fruit to 
maintain the sorting operation at an optimum level. 
An additional worker, or an automatic dumper, is 
needed to meet the increased sorting capacity of the 


Effect on Other Packing Line float-roll sorting table (fig. 15). The dumping 


Operations 


Substituting the float-roll table for another type 
of table in a packing line increased the rate of out- 
put for the entire line. The operations affected by 
the greater capacity of the float-roll table were: 
(1) Bringing fruit from storage to packing line, 
(2) dumping fruit at washer, (3) handling empty 
boxes, (4) sizing, (5) packing fruit in containers, 
(6) stamping size and grade on containers, (7) tally- 
ing, (8) lidding, (9) labeling, and (10) segregating 
and moving boxes to storage. 

The average increase in production for apples of 
all sizes was about 45 percent (table 11). This in- 
crease was reflected in all packing line operations. 
For most operations this increase could be handled 
with the same number of workers. Need of addi- 
tional labor, if any, would depend largely on the 
particular plant involved and the methods of per- 
forming the operations. 

Production rates for the commonly used methods 
of moving apples from storage to the dumper exceed 
the sorting rates for the float-roll table. Previous 
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TaBLeE 11.—Number of apples inspected per sorter, on 
a reverse-roll sorting table and float-roll sorting 
table, for size 100-150 apples of specified qualities * 


Apples inspected per 
sorter per hour oeeenn 
Ti ccna ica 2 Difference Figure 15.—A mechanical apple dumper. 

On float- | On reverse- , 3 
roll table roll table capacity of two workers or an automatic dumper 
exceeds the sorting capacity of the table except when 

Parcent 15 percent or less fruit is of low grade. 
Maier eae athe 7, 164 4, 410 62 Commonly used methods of handling empty 
29. cee ne eee 5, 302 3, 624 46 boxes—the 2-wheel hand truck, roller conveyor, 
Ses toa 4, 500 3, 286 37 overhead monorail conveyor, and industrial forklift 
AOR was aL SeaR ay as hater suet! « 4, 056 3, 098 31 


6 Carlsen, Earl W., Hunter, D. Loyd, Duerden, Raoul S., 

1 Size of fruit does not affect capacity when using 8 sorters and Herrick, Joseph F., Jr., “Apple Handling Methods and 

and sorting 2 grades. Equipment in Pacific Northwest Packing and Storage Houses.” 
2 Assumed 5 percent culls. U. S. Dept. Agr., Mktg. Res. Rpt. No. 49. June 1953. 
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truck—have capacities of over 500 boxes per hour.’ 
Consequently the increased output of the float-roll 
table could be handled by any of these methods. 

The capacity of a 6-section weight-type sizer is 
less than the sorting capacity of the float-roll table 
when less than 15 percent of the fruit is of low grade. 
For this grade distribution, the rate of sorting must 
be reduced to the capacity of the sizing equipment. 

The capacity of the float-roll sorting table would 
require more than the usual number of packers. The 
average hourly packing rate of a packer for size 125 
apples is about 18 standard Northwest apple boxes 
(outside dimensions, 12 by 11 by 1913 inches). Thus, 
in packing a lot of size 125 apples, containing 15 
percent of low-grade apples, 24 packers would be 
required. This compares with a maximum of 15 
packers with a reverse-roll table.® 

One worker, tallying packed boxes, by lot, grade, 
variety, and size, has a capacity of about 5,800 
boxes per hour. This is well above the sorting capa- 
city of the float-roll table. 

The method of conveying packed boxes to the 
lidding machine and positioning them affects the 
hourly production rate of lidding. Three general 
methods and the capacity of each are: ° 

(1) Worker reaches and pulls box from roller 
conveyor and positions it in lidding machine—338 
boxes per hour. 

(2) Box is conveyed automatically to machine 
and worker positions it—383 boxes per hour. 

(3) Box is automatically conveyed to and posi- 
tioned in lidding machine—671 boxes per hour. 

The increased output of the float-roll sorting table 
could be handled only by method No. 3. Another 
worker, to deliver the unlidded packed boxes of 
apples to the lidder, would be needed for methods 
No. 1 and No. 2. 

The capacity of one worker applying labels to the 
ends of packed boxes is 641 boxes per hour. Thus, 
the rate of the labeling operation would be adequate 
to handle the increased capacity of the float-roll 
table (see footnote 9). 

The prevailing methods used to segregate and 
move packed boxes from the packing room to storage 


7 Hunter, D. L., Duerden, R. S., Kafer, F., and Herrick, 
J. F., Jr., “Handling Empty Apple Boxes in Pacific Northwest 
Packing and Storage Houses.” U. S. Dept. Agr., Mktg. 
Res. Rpt. No. 71, June 1954. 

8 Computed from data appearing in table 11. 

® From unpublished studies, to be released later, of other 
packing room operations. 
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have an average production rate of 400 to 450 boxes 
per hour, depending upon the grouping of sizes in 
the stacks. This is very near the capacity of the 
float-roll table. 


Bruise Studies on the Float-Roll 
Sorting Table 


Tests were conducted on the float-roll and reverse- 
roll sorting tables to determine the extent of bruise 
damage caused by the sorting operation. For these 
tests, 400 boxes of Standard Delicious apples were 
carefully harvested and placed in containers, then ia 
cold storage. The fruit was picked about 10 days 
before the peak of the commercial harvest. 

Before the tests were started, this bruise-free fruit 
was divided into 2 lots, 1 for each packing line. The 
float-roll sorting table was operated at a forward 
speed of 30 feet per minute and the reverse-roll table 
at 23 feet per minute. On both tables sorters handled 
the fruit in the usual manner. The fruit was dumped 
and washed, then moved over the sorting tables and 


While 


the fruit was being run over the lines, samples were 


directly onto feed belts leading to the sizers. 


drawn as the apples emerged from the washers and 
as they reached the end of the sorting tables. 

Table 12 shows a comparison of bruise damage oc- 
curring on the 2 sorting tables tested. The total 
bruise damage for the float-roll sorting table was 17.9 
bruises per 100 apples tested. The percentage of 
sound apples at ‘the end of the float-roll table was 
84.6 percent; this compares with 86.0 percent for the 
reverse-roll table. From the data it can be con- 
cluded that neither sorting table causes a significant 
amount of bruise damage, and that there is no signif- 
icant difference in bruising on the 2 sorting tables. 


TABLE 12.—Comparison of bruise damage tests made 
on the float-roll and reverse-roll sorting tables 


Bruises per 100 apples | Stem | Per- 
punc- | centage 
Equipment { tures | remain- 
% to | %4inch per 100} ing 
3%,inch | and | Total | apples | sound 
long over 
Reverse-roll 
table. Si cecinor 13. 4 ei 14. 6 0 86. 0 
Float-roll table...| 16.0 1.9 7.9 .6 84. 6 
Difference. ... 2.6 ort 3.3 6 1. 4 


COMPARATIVE COSTS OF FLOAT-ROLL TABLE AND OTHER TABLES 


Cost data obtained from a number of apple pack- 
inghouses in the Pacific Northwest showed minor 
differences in costs of owning and operating four 
types of sorting tables. Differences in costs were 
due in large part to the number of workers and how 
they were used. Most packing plants adhere closely 
to the hourly wage scales established between the 
workers’ union and packing plant operators. Differ- 
ences in total sorting costs, therefore, are attributed 
to variations in efficiency of labor, since the costs of 


owning and operating sorting equipment and the 
hourly wage rates for the plants studied were approx- 
imately the same. 


Equipment Costs 


Differences in ownership costs were small for the 
various sorting tables (table 13). The initial cost 
of the belt-type table, the least expensive of the 4 
sorting tables, is $1,211, or only $232 more than the 
reverse-roll sorting table. Because of additional 


TaBLeE 13.—Comparative ownership and operation costs for four types of apple sorting tables in Pacific Northwest 
apple packing and storage plants 


Ownership cost per year Operation cost per year Total 
owner- 
Replace- shi Cost 
Equipment ment Insur- Gas, oil, an per 
cost ! Depre- | Interest | ance and and_ | Mainte- opera- hour 
ciation? | at5 taxes at | Total | electric-| nance Total tion of use 4 
percent | 2 per- ity 3 costs per 
cent year 
Belt (return flow) table: Dollars Dollars | Dollars | Dollars | Dollars | Dollars | Dollars | Dollars | Dollars | Dollars 
MMableries ipa nicsiibncs Gas .e LH OUeCD ls cox oedulle oeeaulescunho cla acspdodlsoocdaouilospabeea|ibocoos Gn||acd0 aco |colanocco 
Installation........... AR. CD! |aods co obolbss coesclauceosocllososeceslsoouedcs| doen se (Son gol o0|lnoc omc |e aa aao 
Motorecaiai tection. TES EXD IIb o's oic ¢ elolld'sto o'o'o Stallelaa ole Solel oa olnee nota loacka cael 6] laa corona [ao clo alae o]/oe o\niore aia io apioc.co 
totale teen eae 1,211.30 | 80.75 30.28 | 24.23 | 135. 26 4. 50 3. 00 7.50 | 142. 76 0. 24 
Spiral-roll table: 
Malle meee ey eee ails SO ROOM eres rene | rca rede tel | -nc-rwice ys eyeil ettsicia;o eelel [opis ceueausuer ei[ieore 2e nye! leye ene er suelelfleelere sere e [leet oon) cists 
Installation........... ASE OM ere cea ||eeearesee cre ts cea teseererel| fs ater claws vertel | ley cirarct cele Ai llexloycs syayete, all nilecepene) «reed | eReue ane tte yel|(elraxe cerelclisne 
Mio tore ic sane AGS OMG ean ete ear, eal eter eM [PAL isi ciao SAMI orcfeOlbe std Minfotic Alesse Woe aban [eMee/taerio tie [ey ehetieheral ele 
HRotall x. sclera: 1, 244. 30 82.95 | 31.11 24.89 | 138.95 4. 50 12. 00 16.50 | 155. 45 26 
Reverse-roll table: * 
MMableGeyeae ca tet a TERS SO | RPE other RIO all al URN TIAL. SR ese be ley ese: foes c(i (e a aiteel| hedls afehaveeal| ncedets cs acP)[ ejcsetetaiete 
Installation........... FB OO In eareeea toa eae reas ee Gln eS lll 2 colt ale nice alls: «cel ea ue eae iekepelleyote too ow Oxo llone eiimican ote 
IMOtOnt ease he AL S35 Ob Peeters [armel lessee arta ela ect, lctl laacle + otavapell ese cb atser al) eiocteavexensyel|lamnsr sg euscn ellie canta stele 
Total .| 1,443.50 | 96. 23 36. 09 28. 87 | 161.19 1. 50 3. 00 4.50 | 165. 69 . 28 
Float-roll table: ® 
Mabley 502. aes AUS AA OOM seek eer Pareles, cx Steufleee ies cet spicier loe\totiniay ay = veilins obs eke leiter| (elle aye 6 ome) [ele eats ex .ni [nc wth cnn Gi 
Installation........... OFT OW Mocs as: A upset alll era ante ive ta| ISA stenrmeeier | ouch iki kei clase ck neces rree Dyce ei Pay acto Cie 
Motors: (2)! 828, ce: YALA (ITD Care eestor ee ote tN enn l/2UNb spec a Ferner | [it Cas eee] beaaienene rena) ocr pacadaie || pec charn 
Motaliqecc sonar: 1,578.00 | 105.20 | 39.45 |} 31.56 | 176.21 3. 00 3. 00 6.00 | 182. 21 . 30 


1 Replacement cost in Pacific Northwest. 
2 Based on an assumed life of 15 years. 

3 Average cost in industry for electricity is 1 cent per kilowatt hour. 
4 Computed on basis of 600 hours of operation per year and a packout of 126,000 boxes. 
5 Same as improved reverse-roll table. 
6 Developed and constructed as part of this study. 
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materials and labor, the estimated initial cost of the 
float-roll table, $1,578, is about $367 more than the 
belt-type sorting table. 

Yearly costs of ownership and operation include 
depreciation, taxes, insurance, maintenance, repair, 
and power. Estimated total ownership, or fixed, 
cost of $176 for the float-roll table is only $41 
greater than that for the belt table, and only $15 
greater than that for the reverse-roll table. De- 
preciation is the largest of the fixed-cost items for all 
tables. Operation costs, consisting of gas, oil, 
electricity, and maintenance costs, are greatest for 
the spiral-roll table ($16.50) and least for the 
reverse-roll table ($4.50). Estimated operation 
cost for the float-roll table is $6.00 per year. The 
influence of equipment ownership and operation 
costs on total sorting costs is rather small. 


Labor Costs 


Labor costs comprise over 95 percent of total 
sorting costs. Consequently, the relative efficiency 
of sorters is largely responsible for differences in total 
sorting costs for different types of tables. As men- 
tioned previously, sorting efficiency depends mainly 
on the quality and size of the fruit. Labor costs of 
sorting for the 5 types of sorting tables were com- 
pared under constant conditions of size and quality. 

Table 14 shows labor costs per 1,000 boxes of 
unpacked apples for 5 sorting tables when sorting 
fruit of 3 sizes and 3 qualities.’ Because all apples 
must be lifted from the belt table, man-hour re- 
quirements to sort 1,000 boxes of fruit into 3 grades 
on this table are greater than for any of the other 
tables. 
fruit on a belt table were almost twice those for the 
float-roll table. For sorting 1,000 boxes of apples 
into 3 grades, with 40 percent of the fruit lifted 
from the table, the cost of labor on the float-roll 
table was $13.29 more for size 150 apples than for 
size 100 apples. On the improved reverse-roll 
table, the difference was $15.67; on the standard 
reverse-roll table, $17.57; on the spiral-roll table, 
$17.91; and on the belt table, almost $23. The 
difference in costs for the two sizes was smaller for 
the float-roll table than for the other tables, largely 
because of the use of individual lanes for sorters 
and cull disposal chutes. 


Labor costs for sorting the 3 qualities of 


10 Labor charges were converted to a basis of 1,000 unpacked 
boxes by use of adjusted rates of sorting efficiency developed 
in the studies for each type of table. 
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TABLE 14.—Comparative labor costs for sorting apples 
of specified sizes and qualities into 3 grades on 5 
types of sorting tables ' 


Cost per 1,000 boxes of loose fruit 


Equipment and apple for specified qualities 2 


size 
30 percent | 40 percent | 50 percent 
Belt table: Dollars Dollars Dollars 
100: ; aa ee oe 45. 85 48. 13 49. 58 
V5 ta oleae a peeves 57. 42 59. 80 61. 70 
V5 0. Fog teeters oe 69. 04 72.05 74. 36 
Spiral-roll table: 
LOOK. octet eee 34. 32 35. 80 36. 71 
| OE Oe ems SI0-c 43. 12 44. 61 45. 85 
Is Uae to ccs herd 51. 78 53. 71 55. 24 
Reverse-roll table: 
LOOP Ar eye treat 33.05 ai US 36. 60 
1 A ied HaMeRG oe otmseS 41. 28 43. 94 45. 67 
WSO pacpeteicc aoe 49.79 52. 72 54. 72 
Improved reverse-roll 
table: 
LOOKS: Hata: steme 28. 22 31. 10 33. 23 
WS ssc e veyae Oe 35. 37 38. 79 41.57 
SO). aaetiseeiaen oer 42. 34 46. 77 49. 79 
Float-roll table: 
LOO} eis seen 24. 16 26. 85 28. 78 
OAS Reh oy ole Bees 30. 21 33. 43 36. 13 
USO ee sc thas soho 36. 25 40. 14 43. 28 


1 Eight sorters per sorting table at $1.25 per hour per sorter, 
and half the time of one supervisor at $1.75 per hour. 
Percentage of low-grade fruit and culls lifted from table. 


Possible Savings by Use of New 
Float-Roll Table 


In preceding sections, costs of labor and equip- 
ment were shown for sorting 1,000 boxes of unpacked 
apples for 5 sorting tables. Presented in this 
section are estimated annual labor and equipment 
costs for inspecting and grading different volumes 
of fruit for the 5 tables. Also shown in this section 
is the approximate time required to recover the 
initial cost of a new float-roll table from expected 
savings, when the new float-roll table is substituted 
for a belt, spiral-roll, reverse-roll, or improved 
reverse-roll table. 

Table 15 shows the average daily output for 5 
apple sorting tables, the number of days required 
to grade and inspect specified volumes, total costs, 
differences in costs of the float-roll table and the 
other 4 tables, and the approximate number of 
years needed to recover the initial cost of the float- 
roll table from estimated savings resulting from 


lower sorting costs. Assuming that 8 sorters work 
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at each table, and that the float-roll table is equipped 
with lanes and cull disposal chutes, the sorting time 
of the float-roll table is a little more than half that 
of the belt table for volumes of 50,000, 100,000, 
200,000, and 400,000 boxes of unpacked fruit; hence 
sorting labor costs for the belt table are substantially 
higher than for the float-roll table. Assuming that 
2 tables are used to sort 200,000 boxes and 3 to 
sort 400,000 boxes, the operating periods for sorting 
the 4 volumes on spiral-roll and reverse-roll tables 
are about a third greater than for float-roll tables. 
If individual work lanes for sorters and cull disposal 
chutes are added to the standard reverse-roll table, 
and control is exercised over the dumping rate 
(fairly high rate for good fruit and lower rate for 
poor fruit), the operating period for sorting can be 
reduced by about 13 percent. 

Replacing a belt, spiral-roll, or reverse-roll table 
with a float-roll table would reflect economies to 
other packing house operations. For example, the 
daily packout could be increased in many plants, 
since the sorting operation sets the pace for the 
entire packing line operation; also, better use could 
be made of cold storage space because 3 boxes of 
packed fruit are equivalent to 4 boxes of unpacked 
fruit. The number of intraplant handlings of boxes 
of unpacked fruit may be reduced by increasing the 
volume moved directly from growers’ trucks to the 
packing room, rather than into cold storage. The 
extent of these savings is difficult to measure in 
dollars and cents; also, they would vary considerably 
between individual plants. 

Shown in the last column of table 15 is the 
estimated time required to recover the initial cost 
of a new float-roll table from lower costs of labor and 
equipment (savings) when this table is used to 
replace any 1 of the other 4 sorting tables. To 
obtain the estimated time required to recover the 
initial costs of the float-roll table, ownership costs 
of depreciation and interest for the belt, spiral-roll, 
reverse-roll, and improved reverse-roll tables were 
deducted from float-roll 


3 


“differences” from the 
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table. This, in effect, assumes that these 4 tables 
are fully depreciated (have no book value). 

A plant operator sorting 50,000 boxes of unpacked 
apples a year on a belt table would recover the 
initial cost of a new float-roll table of $1,578.00 in 
about 1% years. For sorting volumes of 100,000 
and 200,000 boxes on belt tables, the costs of new 
float-roll tables would be recovered in not more than 
1 year’s operation. Replacing belt sorting tables 
in a plant handling 400,000 boxes a year, the initial 
cost of 3 float-roll tables would be recoyered in 
about half a year. To recover initial cost of a float- 
roll table when replacing a spiral-roll table in a 
50,000-box plant, about 34 years would be needed, 
about 1} years for 100,000- and 200,000-box volumes, 
and not more than | year for sorting an annual volume 
of 400,000 boxes. Slightly longer periods would be 
needed to recover initial costs of float-roll tables 
when they replace reverse-roll tables at all volumes 
considered. For sorting 50,000 boxes of unpacked 
fruit a season, the initial cost of a float-roll table, 
when replacing an improved reverse-roll table, 
would be recovered in about 6% years, for volumes 
of 100,000 and 200,000 boxes about 3% years, and 
for 400,000 boxes not more than 2} years. 

Before replacing a fully depreciated sorting table 
with a new float-roll table, consideration should be 
given to other elements of cost that may be involved. 
Some packing plants, in order to use the extra 
capacity of the new float-roll table, would have to 
invest additional capital in more efficient sizing and 
Whether or not additional 
capital should be invested in new equipment would 


packing equipment. 


depend largely on an estimate of whether future 
volume of business will increase, decrease, or remain 
the same. Small-vyolume packers—under 75,000 
boxes—before investing additional capital in new 
equipment should give consideration to adopting 
more efficient sorting methods and making changes 
on present sorting equipment, such as those made 


on the reverse-roll sorting table. 
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